Brazil is one of the main suppliers of marine aquarium fish in the world and Ceará state is the most relevant trader in the country. However, there is a paucity of updated information regarding the activity, which is crucial for the sustainable exploitation of those organisms. Thus, the present work provides the most recent data related to Brazilian and, more specifically, Ceará state marine aquarium fish exports, by means of the analysis of information from 420,871 authorizations of export issued by Brazilian environmental authorities in the last 10 years. Results corroborate the relevant participation of Ceará state in the Brazilian marine ornamental fish trade, but also show a substantial decline of exports along the last decade. Sixteen species were the most abundant and more frequently traded. Unsurprisingly, pomacanthids were the most important exported fish, and probably more than 283,525 individuals were wild-caught in an almost 10-years interval. Current Brazilian exports are mainly driven to Asian countries and seasonal displacements of the Intertropical Convergence Zone (ITCZ) seems to influence ornamental fish harvesting in Ceará state, impacting significantly the Brazilian performance in the trade.
INTRODUCTION
Marine ornamental trade is a global multi-million dollar industry, involving at least 45 countries and the collection of 30 million fish specimens, belonging to 125 different families, and 1,800 species (Wood, 2001; Tissot et al., 2010; Stevenson et al., 2011; Rhyne et al., 2014) .
Brazil is considered one of the main suppliers of the marine aquarium market (Wood, 2001; Bruckner, 2005; and, like in the other exporting countries, the great majority of the exported specimens is wild harvested. Therefore, there are some concerns regarding (Gasparini et al., 2005; Nottingham et al., 2005a) .
Ceará state is the leading Brazilian marine aquarium fish exporter (Monteiro-Neto et al., 2003; Nottingham et al., 2005b) and the regional data concerning exploitation have been used as reference for the establishment of norms to regulate the ornamental trade in the whole country (Nottingham et al., 2005a) .
Hence, given the importance of updated information to guide the implementation of policies and rules aiming the sustainable exploitation of marine ornamentals in Brazil, it is not only crucial to fulfill the lack of basic knowledge concerning life history, reproduction and population dynamics of targeted species (Nottingham et al., 2000; Nottingham et al., 2003; Gasparini et al., 2005; Nottingham et al., 2005b; Feitosa et al., 2015) , but also the paucity of data regarding exports in the last decade must be repaired -since the most recent published statistics regarding Brazilian exports of marine aquarium fish were related to 2006 and 2007 (IBAMA, 2008 .
Therefore, the present work provides updated information regarding Brazilian marine ornamental fish exports, outstanding the importance of Ceará state to the Lívio Moreira de Gurjão, Tito Monteiro da Cruz Lotufo international commerce, and offers a better evaluation of the dynamic aspect of the trade, identifying changes that have been occurring in the activity along the last decade.
MATERIALS AND METHODS
Information obtained from 420,871 authorizations of export, issued by the Brazilian Institute for the Environment and Renewable Natural Resources -IBAMA, was used in the current analysis. These data referred exclusively to the international market from January 2006 to August 2015, and provided information regarding the number of authorizations issued, participation of Ceará state in the Brazilian exports, species and quantities traded, as well as buyer countries.
In order to estimate how important each species is to the trade, they were analyzed concerning two different criteria: frequency of occurrence -FO (the relative proportion of years in which a particular species is exported) and numerical abundance -%Num (the percentage of the total number of all specimens represented by individuals of a particular species). Then, the number of exported specimens and the variety of species commerced were evaluated to assess the development of the marine ornamental fish trade along almost 10 years of monitoring. Average US Dollar exchange rate was used investigate the economic scenery faced by exporters in the last decade.
Additionally, exports were examined with regards to seasonal variations (from January 2006 to December 2014), and the authorizations issuing dates were distributed amongst the four seasons in the Northern Hemisphere, in accordance with the Earth's rotation axis and its orbital plane: Winter (December 21 -March 19), Spring (March 20 -June 20), Summer (June 21 -September 21) and Fall (September 22 -December 20). Oneway ANOVA and Tukey HSD were used to investigate pairwise differences among seasons, by using PAST software (Hammer et al., 2001) .
In general, scientific names were kept as originally written in the spreadsheets, after checking for valid species and natural distributions (Froese & Pauly, 2017) . However, in a very few cases names had to be updated according to the most recent literature and one of them was excluded from the analysis due to nonexistence of the species recorded.
RESULTS
During the analyzed period, the Brazilian international marine ornamental trade was represented by seven exporting states (Ceará, Bahia, Espírito Santo, Pará, Pernambuco, Rio de Janeiro and São Paulo) and the former was the most relevant given its highest percentage of exports (Figure 1 ) -x = 74%, sd = 13% -and the number of exported specimens, despite a notable decrease in the activity along the last decade (Figure 2 ).
Data analysis revealed that 136 species were exported from January 2006 to August 2015 in Brazil and that 31 of them were the most often (FO = 100%). Otherwise, the trade represented exclusively by Ceará state involved 122 species and FO = 100% was observed for 28 species (Table I) . Even analyzing the same database, the numbers presented in Table I are slightly different from those reported by IBAMA (2008) due to continuous updates along the years, and, so, information presented here shall be more trustworthy.
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It is important to notice that some names in the original dataset had to be modified: two specimens named Muraena trigonus were excluded from the analysis, since the species does not exist, and Halichoeres cyanocephalus (Bloch, 1791) and Halichoeres maculipinna (Müller & Troschel, 1848) were replaced, respectively, by Halichoeres dimidiatus (Agassiz, 1831) and Halichoeres penrosei Starks, 1913 in accordance with the most recent taxonomic reviews (Rocha & Rosa, 2001; Rocha, 2004) . Chilomycterus spinosus (Linnaeus, 1758) was also substituted for Cychlichthys spinosus (Linnaeus, 1758), according to valid synonyms (Froese & Pauly, 2017) .
Despite the great number of exploited species, there were expressive reductions concerning the variety of species exported along the monitored period (Figure 3) . (continuation Table I )
It must be highlighted that both the decreasing number of individuals (Figure 2 ) and the declining variety of traded species (Figure 3 ) occurred in spite of the exporting stimulus caused by favorable US Dollar exchange rates from 2011 to 2015 (Figure 4) .
Sixteen species were the most numerically abundant, representing more than 80% of the exported individuals ( Figure 5) , and most of them also achieved FO = 100%. The other species represented less than 1% of the trade volume, each. During the studied period, Brazil exported marine aquarium fish to 37 countries (Table II) and Japan, USA and Hong Kong were by far the main destination -as Sri Lanka and France imported less than 1%, respectively, of the Brazilian and Ceará state's trade volume, their participation were not graphically expressed (Figure 6 ). Figure 6 -Relative participation of the fifteen most representative marine ornamental fish importers from Brazil (BR) and Ceará state (CE), based on the number of total exports.
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One-way-ANOVA showed seasonal differences within Brazilian (F = 4.8029, p = 0.0071) and Ceará state (F = 4.4665, p = 0.0099) exports -Fc = 2.9011, α = 0.05, df = 3 -, while Tukey HSD pairwise comparisons identified significantly different means in both Brazilian and Ceará state's trade (Figure 7 ). 
DISCUSSION
Although six other Brazilian states contribute for the total of marine aquarium fish export, Ceará offers privileged diving conditions (Pantalena, 2017 ) -which greatly improves ornamental fish harvesting -and has been considered the main trading center of the activity (Nottingham et al., 2000; Monteiro-Neto et al., 2003; Nottingham et al., 2005a) .
The strong influence of Ceará state in the Brazilian international commerce becomes clear when their absolute numbers of exported individuals are brought together in a conjunct analysis. Most of the volume traded by the former is represented by the later and the same declining pattern of commerced individuals can be observed in both cases. Leal et al. (2016) also observed decreasing trends in Brazilian exports to Europe from ca. 282,000€ in 2000 to ca. 52,500€ in 2011.
Results also showed that the range of exported species decreased gradually until the end of the monitored period, when it reached solely half of what it used to be. If the quantity of specimens had increased while the variety of species had diminished along the time, one could think that efforts were then concentrated in a fewer number of species due to scarcity of the originally targeted species, or that there were changes in market demands. But it was not the case, such loss of diversity was probably a consequence of the diminishing number of exported specimens -the lower the amount of exported individuals, the lower is the probability of a larger number of species to be covered.
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These retractions in the number of exported specimens and variety of commerced species frustrated previous predictions of growth for the activity in Brazil (Monteiro-Neto et al., 2003) and unfortunately may be a sign of cumulative unsustainable fishery practices and/or economic adversities. According to marine ornamental fish exporters from Ceará state, such declining patterns had three main causes: (a) high-priced supplies, (b) unfavorable US Dollar exchange rates and (c) excessive regulation (e.g. export quotas) and bureaucracy to export the organisms -the latter, associated with legal changes, was also corroborated by Leal et al. (2016) .
However, some of these allegations can be refuted. If on one hand oscillations of the US currency exchange rate (from 2006 to 2010) may result in expensive imported matters, on the other hand it will additionally rise profits obtained from fish exports. In the same way, when this rate drops, export profits are reduced, as well as the prices of imported supplies. Later, from 2011 to 2015, US Dollar exchange rate increased steeply and, thus, probably created a favorable scenario for exports. Maybe, the allegation of high-priced essential inputs harming exports does make sense when referred solely to non-imported products, associated with lower exchange rates.
Regarding the export quotas, traders have been trying to increase the established limits, under the allegation that the numbers were arbitrarily set, without any scientific support, and that those limits only harm exporters, since they are not applied to domestic wholesalers and retailers. Nevertheless, export quotas were established after a hard effort towards the conciliation of sustainability and economic viability and, therefore, quantities were determined by means of a criteria matrix and based on the amount of specimens exported in Ceará -the leading Brazilian exporting state (Nottingham et al., 2005a) . However, flaws exist and must be corrected: quotas are not applied to collection but only to exports and, so, overtaken individuals can be freely commerced inside the country.
One odd example of how seriously such flaw can impact ornamental fish populations is concerning seahorses trade. According to Brazilian norms (IN IBAMA 202/08), Hippocampus reidi (Appendix II -CITES and Data Deficient status -The IUCN Red List of Threatened Species), and H. erectus (Appendix II -CITES and Vulnerable status -The IUCN Red List of Threatened Species) have the lowest export limits: 250 exported individuals/ enterprise/year, each. In the meanwhile, hundreds of them are captured without any restrictions to supply domestic marine aquarium trade or dried for magic-religious, medical and curio purposes (Rosa et al., 2011) . In order to be more efficient, the system of quotas should focus on the origin of the chain (harvesting activities), instead of solely on exports.
Although some authors estimated the presence of 120 and 109 marine native fish species in Brazilian and Ceará state trade, respectively (Monteiro-Neto et al., 2003; Gasparini et al., 2005) , the current numbers are slightly higher, since 136 species are reported here in Brazilian and 122 in Ceará state exports. Nearly 23% of these species occurred in all years analyzed (FO = 100%), what indicates their constant participation and may suggest their great importance to the activity. However, if just FO was considered as a criterion to evaluate the importance of species to the trade, it may magnify the participation of species that occur in small quantities but are very often recorded.
Hence, the abundance of specimens of each single species was also recorded as another criterion to evaluate individual contributions. However, %Num by itself would overestimate the participation of organisms that occur just once, but in great quantities.
Thus, the observation of these two criteria altogether intends to compensate biases caused by analysis based exclusively on either FO or %Num. So, as the top 16 most THE IMPORTANCE OF CEARÁ STATE TO THE BRAZILIAN MARINE ORNAMENTAL FISH EXPORTS abundant species were also very often in the trade, they were considered the most important exported fish species along the last decade. Similarly, Rhyne et al. (2014) observed that only a small part of the total number of exported species (~15%) is handled in large volumes (85%). The identification of pomacanthids (H. ciliaris, H. tricolor, P. paru, P. arcuatus and C. aurantonotus) as the most representative group in the Brazilian marine ornamental industry had already been reported (Nottingham et al., 2000; Monteiro-Neto et al., 2003; Gasparini et al., 2005; IBAMA, 2008) and made Brazilian authorities set them substantially higher export quotas compared to the other exploited species, in an attempt to conciliate social, economic and environmental interests (Nottingham et al., 2005a) . Furthermore, the higher numbers of exported H. ciliaris presented here reflect their great abundance in Ceará state waters and also is an evidence of a significant demand for the species in the international market. On the other hand, a minor participation of H. tricolor and C. aurantionotus in the trade is probably associated with their scarcity in Ceará coast (and presumable collection in other Brazilian states to be later exported from there) -according to Ferreira et al., (2004) , low quantities of traded C. aurantionotus are influenced by harvesting difficulties, because in Brazilian Northeastern coast flameback angelfish are found solely on deep reefs. A similar situation is detected for other species, such as B. pulchellus, which is not so common at Ceará state, but is mostly harvest in other Brazilian states and then exported from there.
The presence of A. coeruleus among the most important Brazilian traded aquarium species had already been reported (Monteiro-Neto et al., 2003; Gasparini et al., 2005) and the much higher number of longsnout (H. reidi) compared to lined (H. erectus) seahorses, may have two complementary causes: (a) most of the seahorses exported as H. erectus were in fact H. reidi, that used to be misidentified to double the given quota (Monteiro-Neto et al., 2003; Rosa et al., 2011) -however, along the last decade the number of traded H. erectus decreased significantly, probably because exporters became more cautious due to reinforced inspections of the Brazilian environmental authorities -, and (b) captive bred H. reidi began to be exported under extra quotas, adding much more individuals to those exclusively wild-caught (Hora & Joyeux, 2009; IBAMA, 2009) .
It is also important to notice that 255,658 is the number of effectively exported pomacanthids, but considering a mortality rate of 10,9% (Nottingham et al., 2005b) and assuming that other angelfish specimens are harvested to supply domestic trade (despite being a much less expressive commerce), it can be assumed that more than 283,525 individuals were wild-caught in the last 10 years. Furthermore, collection for ornamental purposes are not the only threat towards marine fish. Pomacanthids (as well as some acanthurids and chaetodontids) are by-catch in trap and gillnet lobster fisheries (Ivo et al., 1996) , shrimp trawling (Braga et al., 2001 ) and fish traps (Feitosa et al., 2008) in Brazil and, so, it is difficult to address how deep ornamental fish are being negatively impacted by the marine aquarium industry, specially in face of the paucity of scientific information regarding their population biology.
Moreover, it is known that grazer fishes are an important biotic factor regulating the structure of benthic communities in reef ecosystems and tropical rocky shores, and their exclusion reduce the resilience of coral reefs in face of different kinds of disturbances, besides influencing abundance, distribution and shape of sponges . Hence, the indiscriminate removal of pomacanthids from reef ecosystems may result in serious negative reflexes on community structure and the impacts caused to the coral reefs can be greater than angelfishes' abundance suggest (Gasparini et al., 2005) . In fact, the Lívio Moreira de Gurjão, Tito Monteiro da Cruz Lotufo potential impact of fisheries targeting aquarium reef fish in Brazil is also difficult to be evaluated because little is known about the distribution of this type of fishing effort throughout the country, and the complete level of threat to reef fish is hard to be assessed (Floeter et al., 2006) .
The ecological effects of fisheries on pomacanthid populations are poorly known. Angelfishes may occupy a variety of trophic niches (Konow & Bellwood, 2011) , and are typically considered spongivorous in Brazil -as in the Caribbean (Hourigan et al., 1989; Hill, 1998; Andréa et al., 2007; Reis et al., 2012) -, and, so, experiments involving their removal from reefs have resulted in decreasing coral covers caused by sponge overgrowth (Hill, 1998) . However, some other works report ontogenetic variations in the foraging habit of Brazilian pomacanthids (Sazima et al., 1999) and the prevalence of algae rather than sponge in their gut contents, according to local food availability and other factors Reis et al., 2012) . Hence, overexploitation of pomacanthids and some herbivorous species (e.g. the strict turf algae feeder surgeonfish A. coeruleus -Ferreira et al., 2004) could increase macroalgal abundance and therefore promote coral suppression by intense competition -on healthy reefs, for instance, both the establishment and survival of corals depend on high rates of herbivory to suppress seaweeds growth, reducing competition with cnidarians (Mumby, 2006; Box & Mumby, 2007; Hughes et al., 2007; Mumby & Harborne, 2010; Comeros-Raynal et al., 2012; Bonaldo & Hay, 2014) .
Despite the potential damages the activity may cause to marine fish populations and ecosystems, marine aquarium trade can improve the economy of source habitats, promote conservation initiatives, and educate people and rise awareness about the crisis coral reefs are facing nowadays (Bellwood et al., 2004; Rhyne et al., 2014) . In Ceará state, for instance, marine fish collection is an important source of income for many communities and some families depend exclusively on ornamental harvesting to survive (Nottingham et al., 2005b) . Thus, Brazilian marine fish trade shall not be forbidden, but stimulated on sustainable basis, by means of conservation practices, in order to take back its growing expectations.
The implementation of conservation actions must take into account many characteristics of the targeted species, whose protection is imperative for both economic and ecological reasons -which include: (a) reproductive and feeding behavior (ComerosRaynal et al., 2012) , (b) mating systems (Moyer et al., 1983; Hourigan & Kelley, 1985; Feitosa et al., 2015) and (c) spawning strategies (Nottingham et al., 2003; Feitosa et al., 2015) .
Some ecosystem-based management initiatives, such as the implementation of Marine Protected Areas -MPA, Fish Replenishment Areas, establishment of a limited entry program for aquarium fishery and a number of other actions, have promoted recovery of stocks of heavily exploited marine aquarium species (e.g. the yellow tang Zebrasoma flavescens -Friedlander, 2001; Tissot et al., 2004; Tissot et al., 2009; Stevenson & Tissot, 2013; Rhyne et al., 2014) . Such initiatives, instead of preserving a particular species, aim not only the protection of the whole ecosystem but also assure the continuity of inter and intraspecific associations, including the safety of spawning aggregation sites (Friedlander, 2001; Gerhardinger et al., 2009; Comeros-Raynal et al., 2012) . However, unfortunately, in Ceará state the creation of a MPA was not effective to prevent the indiscriminate collection of marine ornamental fish (Nottingham et al., 2000; Soares et al., 2011) .
In the beginning of the last decade, Brazilian exports of marine ornamental fish involved just 19 countries (Monteiro-Neto et al., 2003) , but in more recent years this number almost doubled, as a direct consequence of globalization . Another
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aspect of the international market that presented significant changes was regarding the main importing countries. According to Monteiro-Neto et al. (2003) , Brazil used to export marine aquarium fish mostly, in decreasing order, to the USA, Italy, Japan, Germany, China, Taiwan and others (including some other European countries). Nevertheless, current Brazilian exports are mainly driven to Asian countries (specially Japan, Hong Kong and Taiwan), displacing the USA from the top leading importer position. However, such change does not mean that the USA reduced imports of marine ornamental fish -but quite the opposite, as it is still the main destination of most of the marine aquarium organisms traded worldwide Rhyne et al., 2014) -, what happened was that Brazilian traders seem to have found more marketable opportunities in Asia than in North America.
Although Monteiro-Neto et al. (2003) observed the highest export numbers in Ceará state during the Northern Hemisphere coldest months, when hobbyists spend more time taking care of their home aquaria, in the present work pairwise comparisons could not confirm such suggestion since no significant difference was detected among winter, spring or fall. On the other hand, summer presented the lowest mean of exported specimenssignificantly different from winter and spring, but not from fall -, which may have been caused by intense windy seasons in Northeastern Brazil.
Seasonal displacements of the Intertropical Convergence Zone (ITCZ) intensify the power of trade winds in Northeast Brazil, specially in August-September -sometimes also coinciding with the arrival of strong swell waves (September-October) along the coast -, thus posing a real danger for fishing boats and producing low-visibility dive conditions (Silva, 2003; Farias, 2008; Pantalena, 2017) . Indeed, during windy seasons in Ceará state many vessels focused on distinct targeted species stay anchored until the end of the unfavorable weather conditions. Hence, if catches and then exports (since they occur just a few days after harvesting - Nottingham et al., 2005b) decrease in Ceará state in the second half of the year, the Brazilian trade numbers are significantly brought downwards due to the high influence of the former on the overall commerce. Unfortunately, the present work could not examine the direct relationship between harvesting and windy season in Northeast Brazil, since data analyzed here were concerning exports only and not regarding catches. Nottingham et al. (2000) addressed the collecting of marine ornamental fish in Ceará state but their data do not allow comparisons throughout the whole year. Thus, this subject still needs further investigation.
